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In  conducting  the  research  reported  here,  the  investigators 
adhered  to  "Principles  of  Laboratory  Asstafti  car*”  as  estab¬ 
lished  by  the  National  Society  fer  Htdlctl  Research. 


The  Material  in  this  manuscript  wae  submitted  by  John  rL 
Nutter  in  partial  fulfillment  of  the  requirements  for  the  Fh.  D, 
degree  to  the  Departiuent  of  Microbiology,  University  of  Virginia, 
Charlottesville.  This  work  was  patiially  supported  by  Research 
Grant  AI -05667  from  the  National  Institutes  of  Health,  and  a 
research  grant  from  the  North  Carolina  Tuberculosis  Association. 
Quentin  R.  Mvrvik  is  chairman  of  the  Department  of  Microbiology, 
The  Bowman  Gray  School  of  Medicine,  Wineten-S&lcs,  North 
Carolina. 


Rabbit  alveolar  macrophages  were  successfully  employed 
in  a  study  cf  host  cell  -  Paateurella  tularecsls  interactions 
in  vitro.  Under  cell  culture  conditions  In  which  inhibitory 
antibiotics  were  not  employed  and  small  infection  ratios 
were  used,  the  relative  in  vivo  virulence  of  two  strains 
of  P.  tularansls  was  duplicated.  As  e  consequence  of  intra¬ 
cellular  multiplication,  normal  macrophages  were  killed  in 
relation  to  the  virulence  of  the  strain  employed.  Alveolar 
macrophages  were  also  collected  from  Immune  rabbits  and 
macrophage  mortality  and  bacterial  growth  were  significantly 
suppressed  below  levels  observed  with  normal  macrophage 
preparations.  The  effect  cf  imraune  serum  could  only  be 
escribed  e  miner  role  in  the  observed  reactions.  A  marked 
intravenous  toxicity  of  P.  tularansls  for  the  rabbit  was 
observed  with  both  virulent  end  attenuated  strains.  The 
toxicity  was  possessed  only  by  viable  preparations  and 
could  be  elicited  In  animals  immune  to  virulent  challenge. 
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i.  nmLODtiUTiw 


Tbs  -ssul ts  of  several  investigations  demonstrated  that  classical  cir¬ 
culating  ant  ibedy  plcys  at  best  only  a  minor  role  in  the  t&schaaiiiffis  of 
-acquired  resistance  to  Pasteurs 11a  tulareneis.1"8  It  is  necessary,  there¬ 
fore,  to  ascribe  major  importance  to  cell-associated  factors  when  consider¬ 
ing  the  mechanism  of  icssunity  to  tularemia. 

It  ves  reported  that  peritoneal  macrophages  obtained  from  immune  white 
rats  had  an  enhanced  ability  to  ingest  P,  fcul&rensle  in  comparison  with 
phagocytes  obtained  from  normal  animals.  la  addition,  the  immune  macro¬ 
phage  system  exerted  a  bacteriostatic  effect  on  the  intracellular  organisms.8 
Similar  findings  were  reported  with  rabbit  and  guinea  pig  macrophages. 4,6 

Additional  evidence  for  the  active  participation  of  sacrophages  in  the 
immune  response  was  obtained  in  passive  transfer  studies,7”®  These  studies 
demonstrated  the  capacity  of  macrophages  obtained  from  isusme  animals  to 
confer  on  norms!  recipients  i^'reased  resistance  to  challenge.  The 
immunity  possessed  by  recipients  was  proportional  to  the  number  of  immune 
cells  they  received  but  was  not  correlated  with  the  administration  of 
immune  serum.  In  addition,  transfers  between  inbred  animals  resulted 
in  a  longer  lasting  immunity  than  those  made  between  genetically  dis¬ 
similar  individuals.7 

The  potential  problems  associated  with  irritant -induced  cells  are 
exemplified  by  the  work  of  investigator*  who  demonstrated  that  when 
irritants  vsca  employed  to  stimulate  rat  peritoneal  exudates,  the 
results  obtained  following  infection  of  these  cells  varied  with  the 
different,' eliciting  agents.10  Similar  results  were  obtained  with  other 
experimental  '^dels.1^*3'* 

Pulmonary  alveolar  macrophages  can  be  procured  without  an  eliciting 
substance  and  thereby  represent  a  population  of  phfigoeytic  ceils  that 
closely  approximate  the  normal  in  vivo  physic  logical  state.*®  Tbe..~ 

has  been  utilised  extensively  for  tularemic  challenge 
and,  in  addition,  this  route  has  bees  employed  successfully  as  a  sss&ng  of 
vaccinating  monkeys  and  man.54”5-*  The  respiratory  broschioleg  were  the 
primary  Bites  of  lodgement  in  the  lungs  of  monkeys  where  the  bacteria 
were  shown  to  be  within  macrophages .  Therefore,  sc  opportunity  existed 
for  the  study  of  the  early  stages  of  pulmonary  tularemic  infection. 

The  objectives  of  this  stud,  were  to  develop  as  is  vitro  model  for 
studying  intracellular  infections  and  to  determine  by  this  means  any 
differences  in  the  response  of  macrophages  from  susceptible  and  immune 

hosts  to  P.  fculerensie. 


h.  K&mMEHEAL  ANIMALS 


New  gealsnd  white  rabbits  weighing  between  1.8  end  2.5  3sg  were  used 
throughout  the  investigation. 


b.  mmxqm  fob.  procuring  alveolar  macrophages 

Rabbits  were  sacrificed  by  an  air  embolus  or  with  an  overdose  of 
'Fentothftl  sodium.  The  thoracis  cavity  was  opened,  the  upper  part  of  the 
trachea  clamped  shut  with  a  beaostsfc,  and  the  lungs  insufflated  with  four 
23-ml  aliquot g  of  Hanks  balanced  salt  solution  (3SS) .  BBS  was  introduced 
and  withdrawn  with  s  syringe  and  needle  following  puncture  of  the  tracheal 
wall.  The  procedure  described  by  Myrvik13  was  also  employed  with  one  modi¬ 
fication,  raise  iy,  the  addition  of  100  units  of  penicillin  par  ml  of  BSS. 


c.  nut  saaii m 

The  viability  of  macrophages  seas  determined  by  employing  a  trypan  blue 
exclusion  technique,  for  the  test  0.2  ml  of  a  macrophage  suspension  in 
the  culture  medium  was  mixed  with  0.1  ml  of  $.5%  trypan  blue.  Macrophage 
suspensions  ware  examined  within  15  minutes  as  ”wat  mounts5’  in  a  standard 
hemacytometer  and  cells  that  excluded  the  dye  were  considered  viable. 


D.  TISSUE  CULTURE 

Kedlum  19$,  p5  7.2  t&  7.4,  with  100  units  of  penicillin  per  ml  and  20% 
pooled  rabbit  serum  was  employed  for  maintenance  of  macrophages.  Two-sl 
aliquots  of  suspensions  containing  2  x  vf  macrophages  per  ml  were  distri¬ 
buted  into  kS-mm-dlemoter  screw-cap  test  tubes  and  incubated  at  36  C  in 
an  atmosphere  ox  3%  CGjj  in  air.  ~  -  - 


E.  BACTERIAL  STRAINS  WSWfBS 

Strath  SC2U  34  of  talarensie  is  a  fully  virulent  North  i®«ri2&n 
attain  with  a  dermal  for  mice,  guinea  pig e,  and  rabbits  of  fewer  thm 
15  :«t§iaiame._  The  live  vaccine  strain  (LVS)  is  a  stable  colonial  variant 
derived  from  a  heterogeneous  Soviet  vaccine  strain  and  serially  passeo  la 
white  mice  to  increase  its  virulence  and  ImBunogeaieisy*3  SCHU  Sl-il  is 
an  attenuated  strain  similar  in  many  characteristics  to  LVS  bit  core  viru¬ 
lent  'for  f be-g5Aisca  pig. 


¥.  BACTERIAL  CULTIVATION 


Liquid  cultures  were  prepared  in  peptone  cysteine  broth  (PCB)  as 
described  by  Snyder  efc  ai-*'7  Inocula  for  the  PCB  cultures  consisted  of 
57.  by  voltssss  of  a  culture  grown  in  a  mod ‘.find  casein  hydrolysate  medium 
similar  to  that  described  by  Mils  et  al.1*  PCB  culture®  were  incubated 
at  37  C  for  12  to  14  hr  with  agitation.  Cultures  were  also  prepared  on 
glucose  cysteine  blood  agar  (GCBA)  with  incubation  for  12  to  16  hr  at  37  C 
in  screw -cap  tubes.  GCFA  was  prepared  from  a  dehydrated  medium  obtained 
from  the  Baltimore  Biological  Laboratories.  Organisms  were  suspended  in 
gel -saline  diluent  (0. 85%  sodium  chloride  and  0.1%  gelatin)  and  adjusted 
to  the  desired  concentration  turbidimetrically.  Stock  cultures  maintained 
on  GCBA  were  stored  at  5  C  and  transferred  every  4  weeks. 


G,  BACTERIAL  ENUMERATION 

Viable  numbers  of  ?.  tula tens is  were  estimated  by  cultivation  of 
appropriate  dilutions  on  GCBA  medium.  Dilutions  were  prepared  in  gel-saline 
diluent  and  0.1-  to  0.2 -ml  portions  were  spread  over  the  surface  of  the 
medium  with  a  separate  sterile  glass  rod  for  ©aeh  plate.  Replicate  plates 
were  prepared  for  each  dilution  and  viable  counts  were  estimated  from  the 
average  number  of  colonies  after  72  to  96  hours’  incubation  at  37  C. 


H.  MACROPHAGE  INFECTION 

Bacterial  suspensions  were  diluted  with  medium  jl99  to  contain  the 
desired  number  of  bacteria  in  the  0.1-ml  inoculum  routinely  employed 
for  each  tube. 


I.  VACCINATION  WITH  LIVE  TULAREMIA  VACCINE  (LVS) 

Rabbits  were  vaccinated  with  1.0  x  l(f  or  1.0  x  HP  viable  cells  of 
LVS,  employing  a  single  subcutaneous  Injection  in  the  flank  of  the  animal 
with  the  organisms  contained  in  0.2  al  of  gel-saliue  diluent.  Animals 
were  also  vaccinated  by  placing  a  drop  of  a  suspension  containing  1,0  x  10? 
viable  LV.-s  cel's  per  ml  on  the  flank  and  utilizing  the  acupuncture  tech¬ 
nique  for  inoculation. 


J.  IMMUNIZATION  TECHNIQUE  .EMPLOYING  STRAIN  SCHU 

Rabbits  were  infected  by  the  subcutaneous  route  with  1.0  x  10s  cells  of 
strain  SC®*  S4.  The  infection  was  allowed  to  proceed  until  the  zabbita 
had  been  febrile  (>105  F)  for  24  hr.  At  thst  time,  usually  4  days  after 
infection*  the  animals  each  received  200  of  streptomycin  sulfate  intra¬ 
muscularly  e®  3  aucceselce  days,  followed  by  100  mg  daily  for  5  additional 
days. 
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Figure  1.  Effect  of  Various  Concentrations  of  Streptomycin 
on  the  Intracellular  Viability  of  Strepcomycin- 
Sensltive  Pasteurella  tularenala.  Streptomycin 
was  added  to  the  culture  .alum  2  hours  after 
alveolar  macrophages  were  infected  at  a  ratio  of 
one  bacterium  per  macrophage.  Number:  at  right 
Indicate  the  micrograms  of  streptomycin  per 
milliliter  of  culture  medium. 


C.  RESPONSE  OP  NORMAL  ALVEOLAR  MACROPHAGES  TO  INFECTION 

The  mortality  response  of  alveolar  macrophages  following  infection  with 
8  to  14  organises  per  alveolar  macrophage  is  shewn  in  Figure  2.  Each  point 
indicates  the  mean  value  of  replicate  experiments  and,  at  the  36-  and  48-hr 
sampling  times,  the  range  of  one  standard  deviation  is  presented.  At  36  hr, 
77%  of  the  macrophages  Infected  with  fully  virulent  organisms  were  nonviable 
Those  cells  infected  with  LVS  exhibited  a  25%  mortality,  but  uninfected  con¬ 
trol  cultures  exhibited  only  a  3%  mortality.  Similar  ratios  were  observed 
at  48  hours;  however,  che  percentage  of  nonviable  macrophages  had  Increased. 
The  presence  of  viable  bacteria  was  required  for  the  induction  of  the  macro¬ 
phage  mortality  response.  Preparations  containing  heat -killed  SCHU  S4  pro¬ 
duced  no  increase  in  mortality  over  that  present  in  uninfected  control 
cultures.  The  mortality  response  of  normal  alveolar  macrophages,  infected 
in  vitro,  reflected  the  response  generally  observed  in  the  intact  animal. 
Fully  virulent  strains  of  P.  tularensis  repeatedly  caused  the  death  of  a 
greater  percentage  of  alveolar  macrophages  than  that  caused  by  the  attenu¬ 
ated  live  vaccine  strain  at  comparable  intervals. 
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Figure  2.  The  In  vitro  Mortality  Reapouae  of  Alveolar 
Macrophages  Following  Infection  with 
Paateurella  tularenala.  Virulent  strain 
SCHU  SA,  6;  live  vaccine  strain,  LVS,  0; 
uninfected  control,  X. 


D.  IMMUNIZATION  STUDIES 

The  mortality  response  of  rabbits  vaccinated  with  LVS  and  subsequently 
challenged  with  strain  SCHU  54  is  presented  in  Table  1.  The  administration 
of  LVS  by  acupuncture  or  by  the  subcutaneous  route  failed  to  engender  signifi¬ 
cant  protection  against  a  subcutaneous  SCHU  S4  challenge.  Although  a  slight 
increase  in  the  survival  time  of  the  vaccinated  groups  was  evident,  all 
vaccinated  animals  succumbed  to  an  acute  progressive  infection  not  unlike 
that  seen  in  control  animals.  Table  1  also  contains  the  results  of  immuniz  ■■ 
ing  rabbits  by  the  SCHU  S4-streptomycin  treatment  technique.  All  rabbits 
that  had  recovered  from  a  previous  virulent  infection  with  the  aid  of  strep¬ 
tomycin  therapy  survived  the  challenge  with  strain  SCHU  S4.  The  immunity 
produced  by  the  SCHU  S4 -streptomycin  procedure  persisted  for  at  least  120 
days  and  was  demonstrate*  in  other  studies  when  the  animals  were  challenged 
with  SCHU  S4  contained  in  a  small -particle  aerosol. 


TABLE  1.  MORTALITY  RESPONSE  OF  VACCINATED  RABBITS 
FOLLOWING  SUBCUTANEOUS  CHALLENGE 
WITH  PASTEURSUA  TULARENSIS  SCHU  S4 


Vaccination 

Procedure 

No.  Dead/  . 
No.  Challenged^ 

Average  Day  of  Death 
(range) 

1.0  x  Id9  LVS 

5/5 

8.6 

by  acupuncture 

(6-12) 

1.0  x  ltP  LVS 

5/5 

8.2 

subcutaneous ly 

(6-10) 

1.0  x  ICf  LVS 

5/5 

7.6 

subcutaneous ly 

(7-9) 

SCHU  SA-streptomycin 

0/5 

- 

30  days  prior  to  challenge 

SCHU  S4 -streptomycin 

0/5 

- 

120  days  prior  to  challenge 

Nonvaccinaeed 

10/10 

5.6 

(4-8) 

a,  Challenge  dose,  1.0  x  10*  organisms. 


Highest  agglutinin  titers  were  observed  2  weeks  following  initiation  of 
the  infection  among  SCHU  S4 -streptomycin  treated  animals  with  an  average 
peak  titer  of  1:1280.  Subcutaneous  vaccination  with  1.0  x  l(f  LVS  ceils 
caused  only  a  minimal  agglutinin  response  with  an  average  peak  titer  of 
1:7.  Vaccination  with  1.0  x  l(fi  viable  LVS  organisms  by  the  subcutaneous 
route  or  by  acupuncture  produced  average  peak  titers  of  1:416  and  1:120 
respectively  1  week  after  vaccination. 

One  possible  reason  for  the  failure  of  LVS  to  immunize  by  the  routes 
employed  could  be  the  inability  to  become  disseminated  from  the  original 
sites.  A  technique  employed  for  overcoming  this  was  the  intravenous  injec¬ 
tion  of  large  numbers  of  bacteria;  the  results  are  presented  in  Table  2. 

The  injection  of  1.0  x  105,0  to  1.0  x  1011  viable  attenuated  organisms  con¬ 
sistently  caused  rapid  death  of  the  rebbita.  When  1.0  x  l(f  viable 
organisms  of  the  virulent  SCHU  S4  strain  ware  injected  and  streptomycin 
therapy  was  started  2  hours  later,  death  resulted  but  was  somewhat  delayed. 
Injection  of  1.0  x  1C*  viable  LVS  calls  followed  by  streptomycin  therapy 
did  not  result  in  the  death  of  any  of  the  test  animals.  When  cells  of 
the  virulent  strain  were  killed  by  formalin,  thoir  lethal  action  was 
abolished,  even  when  the  dose  was  increased  10  times  the  LD^qq  of  living 
organisms . 


TABLE  2.  INTRAVENOUS  TOXICITY  OP  PASTEURELLA  TULARENSIS 
PREPARATIONS  FOR  TP"*  RABBIT 


Preparation 

No,  Dead/ 

No.  Treated 

Average  Time  of  Death, 
hours 

1.0  x  lO10 
viable  LVS 

5/6 

9 

1.0  x  1011 
viable  LVS 

5/5 

10 

1.0  x  1011 
viable  SCKU  Sl-11 

5/5 

12 

1.0  x  10? 
viable  SCHU  S4 
with  streptomycin  therapy 

5/5 

24 

1.0  x  10? 
viable  LVS  with 
streptomycin  therapy 

0/5 

m 

1.0  x  lO10 
forma linlzed 

SCHU  S4 

0/2 

• 

1.0  J  1011 

formallnlzed 

S^HD  S4 

0/2 

• 

1.0  x  1010 
viable  LVS  Injected 
into  immune  animals 

6/7 

10 

It  was  impossible  to  immunize  rabbits  by  the  Intravenous  injection  of 
large  numbers  of  attenuated  Organisms  because  of  the  lethal  nature  of  this 
procedure.  The  precise  mechanism  of  this  rapid  death  is  iraknowa.  At 
necropsy,  pathological  findings  consisted  of  extensive  diffuse* -hemorrhagic 
lesions  in  the  lungs  and  thymus  gland.  Microscopically,  evidence  of  extra 
vasated  erythrocytes  was  also  observed  throughout  most  of  the  other  tis&:v. 
Collectively,  these  observations  suggest  that  the  primary  damage  was  local 
ized  in  the  vascular  endothelium. 
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E.  IN  VITRO  INFECTION  STUDIES 

Experiments  were  performed  in  which  the  bacteria:macrnphage  ratios  were 
varied  to  increase  the  sensitivity  of  the  assay  system  for  detecting  cellu¬ 
lar  immunity  to  P.  tularensis.  Macrophages  were  infected  at  5  ratios  rang¬ 
ing  from  100  bacteria  per  macrophage  to  1  bacterium  per  100  macrophages, 
and  the  viability  of  the  macrophages  was  determined  daily  for  3  days.  The 
mortality  response  of  the  macrophages,  with  respect  to  per  cent  dead  plot¬ 
ted  against  time,  was  proportional  to  the  multiplicity  of  infection. 
Macrophage  mortality  was  greater  with  the  virulent  organisms,  but  the 
response  was  still  proportional  to  the  bacteria: macrophage  ratio.  The 
relative  virulence  of  LVS  and  SCHU  S4  was  readily  discernible.  The  approxi¬ 
mate  ratios  (bacteria smacrophage)  required  to  kill  50%  of  the  macrophages 
at  48  hr  was  1:1  for  LVS  and  only  1:10  for  the  virulent  SCHU  S4.  When 
normal  macrophages  were  infected  with  either  the  attenuated  or  virulent 
strain,  maximum  separation  of  values  in  response  to  the  different  ratios 
occurred  48  hr  after  infection. 

When  immune  f^CHU  S4 -streptomycin)  rabbits  were  used  as  a  source  of 
macrr phages,  the  results  of  in  vitro  infections  were  markedly  different. 
Forty-eight  hours  after  infection,  the  initial  LVS: macrophage  ratio  of 
10: 1  had  produced  a  mortality  of  62%  of  the  immune  macrophages  compared 
with  90%  in  normal  macrophages.  Immune  macrophages  were  almost  completely 
resistant  to  LVS  for  72  hr  when  1:1  and  1:10  ratios  were  employed.  In 
contrast,  these  ratios  produced  a  mortality  of  70  to  90%  in  normal  macro¬ 
phages  at  that  time.  Similar  results  were  obtained  with  the  virulent 
SCHU  S4  organisms,  although  the  degree  of  suppression  was  not  as  marked. 

An  inhibitory  action  of  alveolar  macrophages  from  immune  rabbits  on 
the  intracellular  growth  of  tularensis  was  also  demonstrated.  The 
interaction  of  normal  and  immune  macrophages  with  LVS  and  strain  SCHU  S4, 
each  at  two  multiplicities,  is  presented  in  graphic  form  in  Figures  3  and 
4.  The  figures  contain  the  range  of  values  as  well  as  mean  values  for  both 
macrophage  mortality  and  viable  bacterial  counts.  Infected  immune  suspen¬ 
sions  consistently  had  fewer  dead  macrophages  at  48  hours  than  did  compar¬ 
able  populations  of  normal  macrophages.  The  effectiveness  of  immune  macro¬ 
phages  was  also  demonstrated  by  the  differential  in  viable  organisms  present 
in  the  immune  and  normal  macrophage  cultures.  Viable  counts  in  the  immune 
macrophage  cultures  were  always  2  to  4  logs  below  those  in  normal  macro¬ 
phage  cultures. 


F.  ROLE  OF  IMMUNE  SERUM 

When  serum  -  medium  199  mixtures  were  inoculated  with  SCHU  S4,  the 
organisms  multiplied  slightly  (<1  log)  during  the  4L-hour  observation 
period  when  either  normal  or  immune  serum  was  employed.  In  contrast, 
similar  experiments  with  LVS  showed  that  the  viable  count  of  this  strain 
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Figure  3.  Alveolar  Macrophage  Mortality  48  Hours  after  In  vitro 
Infection  with  Two  Strains  of  Paateurella  tularenaia 
each  at  Two  Bacteria: Macrophage  Ratio!. 


LVS 


SCHU  S4 


Figure  4.  Viable  Nuobers  of  TVo  Strains  of  Pasteurella  tularensls 

48  Hours  after  in  vitro  Infection  of  Alveolar  Macrophages 
at  TWo  Bacteria: Macrophage  Ratios. 
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decreased  approximately  1  log  during  the  same  period  in  the  presence  of 
either  normal  or  immune  serum.  These  results  indicate  that  Immune  serum 
did  not  exhibit  enhanced  bactericidal  properties  in  comparison  with  normal 
serum.  On  the  other  hand,  20%  serum  in  tissue  culture  Medium  199  did  not 
supply  the  cultural  conditions  necessary  for  optimum  growth  of  either 
strain. 

Experiments  were  also  performed  in  which  normal  macrophages  were  sus¬ 
pended  in  medium  199  with  immune  serum  and  immune  macrophages  were  suspended 
in  medium  199  with  normal  serum.  Results  of  an  experiment  with  LVS,  presented 
in  Table  3,  indicate  that  normal  macrophages  In  concert  with  immune  serum 
may  be  able  to  reduce  the  viable  bacterial  count.  Hcwever,  the  reduction 
is  less  than  that  observed  with  immune  macrophages  suspended  in  immune  serum 
and  cannot  account  for  the  cellular  immunity  observed  in  this  study.  Immune 
macrophages  suspended  in  normal  serum  were  as  active  as  the  fully  immune 
system,  i.e.,  both  macrophages  and  serum  from  SCHU  S4-streptomycin  treated 
rabbits. 


TABLE  3.  THE  EFFECT  OF  DIFFERENT  MACROPHAGE -SERUM 
COMBINATIONS  ON  THE  GROWTH 
OF  PASTEURELLA  TPLARENSIS  LVS 


Type  of 
Macrophage 

Type  of 
Serum 

Organisms  per  ml 
at  48  HoursS/ 

Normal 

Normal 

1.8  x  106 

Normal 

Immune 

7.5  x  10* 

Immune 

Immune 

1.8  x  103 

Immune 

Normal 

3.8  x  103 

a.  2.0  x  10*  organisms  per  ml  initially. 


IV.  DISCUSSION 


The  events  that  occur  during  the  early  stages  of  infection  are  diffi¬ 
cult  to  study  in  the  intact  animal  because  the  mass  of  the  infecting  organ¬ 
isms  is  usually  relatively  small.  These  events,  ha: ever,  probably  determine 
whether  or  not  the  Infecting  agent  can  become  established  and  cause  overt 
disease.  The  availability  of  alveolar  macrophages  has  provided  an  oppor¬ 
tunity  to  study  P,  tularensis -macrophage  relationships  in  vitro,  simulating 
at  least  in  part  the  in  vivo  conditions  during  the  early  postphagocytic 
period  following  aerosol  challenge. 

The  observation  that  law  levels  of  streptomycin  were  effective  in 
inhibiting  intracellular  growth  of  P.  tularensls  in  alveolar  macrophages 
maintained  In  tissue  culture  is  not  in  agreement  with  several  reports  in 
the  literature  and  with  usual  experimental  methods.  Tularemia  is  classi¬ 
cally  an  intracellular  infection  and  in  order  for  the  drug  to  produce  its 
rapid  and  profound  effect  in  this  disease,  some  of  it  must  enter  the  cells 
that  harbor  organisms.  Indeed,  it  is  not  surprising  that  streptomycin  can 
enter  metabolically  stimulated  alveolar  macrophages.  Normally,  they  are 
carrying  out  active  plnocytosis  and  phagocytosis,  which  would  allow  extra¬ 
cellular  components  to  enter  nonepecifically  the  intracellular  milieu. 

The  findings  by  Hunt  and  Myrvik?1  that  alveolar  macrophages  can  take  up 
appreciable  quantities  of  preformed  antibody  illustrate  that  active  uptake 
of  even  large  protein  molecules  is  apparently  a  normal  process  and  strengthen 
this  viewpoint. 

The  observation  that  live  tularemia  vaccine  failed  to  immunize  rabbits 
against  challenge  with  fully  virulent  P.  tularensls  is  in  marked  contrast 
to  the  results  obtained  with  other  animals.  The  mouse  and  guinea  pi^a  and 
the  monkej^3  as  well  as  man3'34'*8  have  responded  to  LVS  vaccination  with  a 
high  level  of  immunity.  In  this  regard,  it  was  sham  in  the  present  investi¬ 
gation  that  rabbits  were  capable  of  developing  immunity  to  tularemic  chal¬ 
lenge,  provided  that  they  were  infected  with  virulent  organism.?  and  then 
cured  with  streptomycin.  Although  LVS-vaccinated  rabbits  were  not  appreci¬ 
ably  more  resistant  to  challenge  than  nonvaccinated  animals,  they  did  pro¬ 
duce  agglutinins.  The  production  of  antibody  without  development  of  signifi¬ 
cant  resistance  to  challenge  is  comparable  to  the  course  jf  events  in  other 
species  following  vaccination  with  killed  tularemia  vaccines. 

During  attempts  to  immunize  rabbits  with  large  numbers  of  P.  tularensls 
a  marked  systemic  toxicity  was  encountered.  Hoody  and  Downs3*  referred  to 
this  phenomenon  in  a  study  of  the  imunogenlcity  of  various  strains  for  the 
white  mouse.  They  found  that  when  mice  were  injected  with  living  suspen¬ 
sions  the  majority  of  animals  succumbed  within  48  hours.  In  contrast, 
killed  preparations  failed  to  elicit  the  response  and  the  toxicity  resem¬ 
bled  a  rickettsial  toxemia.  We  also  found  that  killed  suspensions  failed 
to  elicit  toxic  death.  The  observation  that  P.  tularensls  is  capable  of 
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producing  lethal  toxic  reactions  in  the  rabbit  initially  suggested  that 
acquired  immunity  might  involve  antitoxic  mechanisms.  However,  im&smized 
rabbits  were  just  as  susceptible  as  normal  rabbits  to  the  toxic  properties 
of  viable  suspensions.  Clearly  these  data  rule  out  antitoxic  immunity  as 
a  dominant  factor  in  acquired  immunity  to  tularemia. 

The  data  indicated  that  the  mortality  response  of  infected  normal 
alveolar  macrophages  was  proportional  to  the  in  vivo  virulence  of  the 
strain  of  P.  tularensis  employed.  Immune  macrophages  exhibited  a  lower 
mortality  than  normal  macrophages  when  infected  with  either  attenuated 
or  fully  virulent  organisms.  The  validity  of  employing  a  deereas*  in 
macrophage  mortality  as  a  parameter  of  acquired  immunity  is  supported 
by  the  evidence,  which  demonstrated  an  inhibition  of  bacterial  growth  by 
immune  macrophages.  Pulmonary  alveolar  macrophages  collected  from  immune 
rabbits  were  more  effective  in  suppressing  the  growth  of  P.  tularenais  than 
were  equivalent  numbers  of  normal  macrophages.  These  observations  estab¬ 
lished  that  acquired  immunity  to  tularemia  can  be  demonstrated  in  vitro 
employing  alveolar  macrophages  maintained  in  a  tissue  culture  system. 

It  was  observed  that  immunity  to  P.  fularensis.  demonstrated  in  vivo, 
had  no  demonstrable  antitoxic  component.  This  same  situation  existed  when 
macrophages  were  infected  in  vitro.  Neither  strain  exerted  an  immediate 
toxic  effect  on  normal  macrophages  but  this  effect  followed  intracellular 
multiplication  of  the  organisms.  The  expression  of  immunity  by  macro¬ 
phages  from  Immunized  animals  was  dependent  on  a  suppression  of  intra¬ 
cellular  bacterial  growth  preventing  the  intracellular  population  from 
exceeding  the  toxic  threshold. 

The  results  of  supplying  normal  macrophages  with  immune  serum  yielded 
the  same  results  in  this  study  as  reported  by  others.4*6  Our  studies 
showed  that  normal  macrophages  in  conceit  with  immune  serum  could  limit 
the  growth  of  LVS.  However,  the  level  of  immunity  was  leae  than  that  of 
immune  cells  with  either  imm  me  or  normal  serum.  In  contrast,  immune 
macrophages  suspended  in  normal  serum  did  not  demonstrate  a  diminution 
in  activity.  These  results  demonstrate  the  dominant  role  played  by  cell- 
associated  factors  in  Immunity  to  tularemia. 
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IS.  ABSTRACT 


Rabble  alveolar  macrophages  were  successfully  employed  in  a  study  of  host 
cell  -  Pasteurella  cularenais  interactions  in  vitro.  Under  cell  culture  condi¬ 
tions  in  which  inhibitory  antibiotics  were  not  employed  and  small  infection 
ratios  were  used,  the  relative  in  vivo  virulence  of  two  strains  of  P.  t  jlarer.sis 
was  duplicated.  As  c  consequence  of  intracellular  multiplication,  normal  macro¬ 
phages  were  killed  in  relation  to  the  virulence  of  the  strain  employed.  Alveolar 
macrophages  were  also  collected  from  immune  rabbits  and  macrophage  mortality 
and  bacterial  growth  were  significantly  suppressed  helow  levels  observed  with 
normal  macrophage  preparations.  The  effect  of  imne ie  serum  could  only  be 
ascribed  a  minor  role  in  the.  observed  reactions.  A  marked  intravenous  toxicity 
of  P.  tularensis  for  the  rabbit  was  observed  with  both  virulent  and  attenuated 
strains.  The  toxic. ty  was  possessed  only  by  viable  preparations  and  could  be 
elicited  in  animal  immune  to  virulent  challenge. 


